Gas chromatography-mass spectrometry (GC-MS) was used to detect 2-docosanol, a secondary alcohol characteristic of Mycobacterium xenopi, in 7 of 10 analyzed drinking water samples culture positive for that species. GC-MS was also used to detect tuberculostearic acid. Both of these chemical markers were analyzed as halogenated derivatives in the negative-ion-chemical-ionization mode. The numbers of CFU of M. xenopi were lowest in the three GC-MS-negative samples. The described GC-MS method is useful for the rapid detection of M. xenopi in drinking water.
The presence of mycobacteria in drinking water represents a significant public health problem for persons at risk, including immunocompromised individuals (4, 5) . Among the species encountered are the Mycobacterium avium complex, M. terrae, M. fortuitum, M. gastri, M. gordonae, M. chelonae, M. kansasii, M. scrofulaceum, and M. xenopi (3, 10) . M. xenopi, the focus of this study, is a slow-growing opportunistic pathogen and one of the mycobacteria most frequently isolated from water, in particular from drinking water (6-8, 12, 13) .
Hydrolysis of the wax ester mycolates of M. xenopi liberates secondary alcohols, and the most abundant of them is 2-docosanol (9, 11). We recently developed gas chromatography-mass spectrometry (GC-MS) methods for use in detecting trace levels of mycobacterial secondary alcohols (2) . In the present study, GC-MS was applied to the detection of 2-docosanol in drinking water; for optimal sensitivity, the pentafluorobenzoyl (PFBO) derivative was analyzed in the negative-ion-chemical-ionization mode. The same water samples were also analyzed for the presence of tuberculostearic acid (TSA), a characteristic branched-chain fatty acid of mycobacteria and related organisms. For comparison, the water samples were cultured for mycobacteria.
MATERIALS AND METHODS Chemicals. PFBO chloride and pentafluorobenzyl (PFB) bromide were from Janssen Chemica (Beerse, Belgium), tetrabutylammonium hydrogen sulfate was from Fluka AG (Buchs, Switzerland), triethylamine was from Sigma (St. Louis, Mo.), and the solvents acetonitrile, methanol, methylene chloride, and n-hexane were from Lab Scan (Dublin, Ireland). All chemicals used were of analytical grade.
Water samples. Tap water was sampled in six residential flats in Prague, Czechoslovakia, with a previously reported occurrence of water-borne M. xenopi (13) and in four neighboring flats. Samples (1 liter) were collected in sterile glass containers and subsequently filtered (pore size, 0.45 ,um; Millipore, Bedford, Mass.). Each filter was cut into strips, which were then placed in 20 ml of sterile distilled water and shaken for 10 min; the resulting suspension was transferred * Corresponding author.
to another tube and centrifuged at 2,000 x g for 20 min. After removal of the supernatant, the sediment was mixed with 2 ml of sterile distilled water and homogenized by shaking. One milliliter of the homogenate was transferred to a glass ampoule, freeze-dried, and then used for GC-MS analysis; the remaining 1-ml aliquot was used for culturing (see below).
Culturing. The samples were shaken for 30 min with 3 ml of an aqueous solution containing 3% (wtlvol) sodium lauryl sulfate and 1% (wtlvol) sodium hydroxide. Thereafter, 25 ml of sterile distilled water acidified with 0.05% (vol/vol) aqueous hydrochloric acid was added, and the mixture was centrifuged at 2,000 x g for 20 min. The obtained sediment was mixed with 1 ml of sterile distilled water and shaken. Aliquots (0.25 ml) of the mixture were used to inoculate six Ogawa medium tubes: two undiluted, two after 10-fold dilution, and two after 100-fold dilution. The cultures were incubated at 37°C for 24 h in the horizontal position and then at 42°C (the optimum temperature for the growth of M. xenopi) in the vertical position. Results were recorded after 6 weeks and again after 12 weeks. The isolates were identified by standard biochemical methods (15) . All isolates showed microscopically identical colonies, and three colonies were always taken for identification.
Preparation of samples for GC-MS. The freeze-dried samples were mixed with 1 ml of 30% (wt/vol) methanolic potassium hydroxide and heated at 80°C for 30 min. The samples were then extracted with hexane; the upper phase was separated and analyzed for the presence of 2-docosanol. The lower phase was acidified (pH < 2) by the addition of a few drops of 25% (vol/vol) aqueous sulfuric acid and subjected to a second hexane extraction; this phase was used for TSA analysis.
PFBO derivatives of the alcohols were obtained by adding 35% (vol/vol) PFBO chloride (40 ,ul) and 2% (vol/vol) triethylamine (20 jl), both in acetonitrile, to the samples and then heating the samples at 80°C for 30 min. After the samples were cooled, hexane (1 ml) and water (1 ml) were added to the reaction mixture, which was then shaken; the organic phase was collected, evaporated, and dissolved in hexane.
The amounts of M. xenopi detected by GC-MS were calculated by comparing the levels of 2-docosanol detected in the samples with the levels found in known amounts (dry weight) of cultured M. xenopi cells.
For analysis of TSA, the dried hexane phase containing the free acids (see above) was treated with 1 M aqueous sodium hydroxide (0.5 ml)-0.1 M aqueous tetrabutylammonium hydrogen sulfate (0.5 ml)-methylene chloride (1 ml).
This mixture was shaken well, and the bottom layer (containing methylene chloride) was removed; to it was added 75 ,ul of 35% (vol/vol) PFB bromide in acetonitrile. The reaction was allowed to proceed at room temperature for 30 min, after which 1 ml of hexane-water Fig. 1. 0.25 mm [inner diameter]) coated with cross-linked OV-1 was used. Splitless injections were performed with a Hewlett-Packard model 7673 autosampler; the split valve was opened 1 min after injection. The carrier gas, helium, was used at an inlet pressure of 7 lb/in2. The column temperature was programmed from 120 to 260°C, at 20°C/ min; both the injector and the interface (between GC and MS) temperatures were kept at 260°C. Ionization was performed in the negative-ion-chemical-ionization mode (isobutane) at an ion source temperature of 150°C.
RESULTS AND DISCUSSION Figure 1 shows extracted-ion current profiles for the detection of 2-docosanol and TSA in one of the studied water samples. The negative-ion-chemical-ionization mass spectra of the PFBO-derivatized alcohol and PFB-derivatized acid exhibited abundant molecular ions of mlz 520 and m/z 297, respectively (Fig. 2) . In the illustrated analysis, the signalto-noise ratio of the 2-docosanol peak was approximately 700, and that of the TSA peak was 2,300.
The results of the culturing and GC-MS are summarized in Table 1 . After 6 weeks of incubation, one sample (M10) was clearly culture positive (one colony). In addition, four samples (M5, M7, M8, and Mll) produced microcolonies that were visible under a magnifying glass but whose number and morphology were difficult to determine. All samples were culture positive for M. xenopi after 12 weeks of incubation; no other mycobacterial species were detected. Notably, the three GC-MS-negative samples contained only small numbers of CFU (Table 1 ). Despite the fact that both live and dead bacteria are detected by GC-MS, the results obtained with this method were in agreement with the culturing results. TSA and 2-docosanol were detected in the same seven samples.
2-Docosanol also is present in M. phlei (1, 14) . Culture detection of this rapidly growing mycobacterium in drinking water can be accomplished after only a few days of cultiva- 
